In comparing nuclear fusion in plasma by the magnetic confinement with nuclear fissi on and chemical reactions, the power density and the function of a heat engine are dis cussed using a new parameter G introduced as an eigenvalue of a reaction and the value of q introduced to estimate the thermal efficiency of a heat engine.
where the numbers in the parenthesis are particle energy in MeV for eq (3) and (4) and eV for eq (5) . Needless to say, eq (4) is one of the probability of fission process. The modern heat engine is supported by the large value of G2 or G3. G 1 is also large enough to produce the power density as a modern heat engine.
However, GD is so small that the fuel density ni and/or n2 should be increased by 103 times to obtain the same power density as D-T reaction.
G5 is a little smaller than G3 but H2 is still expected to be usable for the fuel of the modern heat engine, since n 1 can be large enough to obtain the high power density.
4 Power density and introduction of q value
Consider the Carnot cycle, in which energy Q is given to a system at the temperature T1 [K] and energy Q2 is removed from the system at T2 [K] . Then, the thermal efficiency n is expressed as follows;
When it is provided that a practical heat cycle needs more energy Q3 than Q1 of the Carnot cycle ( Q1 + Q3 is given to the system at,T1 and Q2 + Q3 is removed from the system at T2), then the thermal efficiency of this cycle nR could be expressed as follows; (7) As shown in eq (7), nR is a product of the thermal efficiency for the Carnot cycle and a factor less than unity representing the difference from the Carnot cycle. Supposing that the generated power density P eVm s and the energy loss rate L eVm-3 s-1 originated from Q3 are homogeneous and stationary in the burning area V m3, we obtain the following equations. Then the quantity q is introduced.
Substituting q=L/P, the relation between n and nR can be described by the following equation.
The temperature of the construction material, including safety factor, could not exceed 900K in general.
Assuming that the atmospheric temperature is 300K, the thermal efficiency of the Carnot cycle becomes n=2/3. However, nR of the conventional power plants, the obtained value in practice, is about 0.4,5) which is 60% of the ideal n.
On the other hand, the maximum temperature of LWR is limited to be about 600K because of the boiling of the moderator water.
When the Carnot cycle (T1=600K, T2= 300K) is assumed as6) the LWR system, n=1/2 should be obtained. nR of LWR is about 0.32, which is 64% of the ideal n. It is supposed that the difference between 60% and 64% comes from the difference of q related to the power density.
The power density of the conventional plant and LWR is about the order of 10MW/m3, 100MW/m3,6) respectively. The value of q decreases with increase of P since L is partially a function of P but also includes a constant value regardless of P. The power density of a heat engine is composed of two parts, G and n1 n2 in eq (1). The former is a proper value of a reaction but the latter depends on the combustion system. For a reaction having small G value, special consideration is necessary to obtain the large n1 n2.
Comparing the fusion reaction of D-D with that of D-T, n1 n2 of D-D must be 103 times larger than that of D-T. Is the magnetic confinement of plasma possible to achieve this difficult task ? 2.5 Temperature coefficient of G value G value varies with the energy of reaction particles.
The variation of G in the operation temperature range is shown in Fig. 2 . This figure was conducted from Table 1 and the published data.8)
The nuclear fission in eq (4) is controlled by the thermal neutron density, and G2 is supposed to be constant in the operation temperature range, since the thermal neutron cross section complies with 1/v law.9)
The chemical reaction shown in eq (5) is a combustion in a gas state.
The cross section of a molecule was es- (1) continuous and explosive combustion (boiler burner) (2) pulsive and explosive combustion (internal combustion engine) (3) gentle and stationary combustion (thermal neutron reactor).
(1) and (2) are the explosive thermal reaction in a gas state and the com bustion itself can not be controlled, in general. Then, the power density should be controlled by n1, and n2. A constant power density is supported and also limited by the total latent heat of the fuel supplied to the combus tion area per second.
On the other hand, (3) 
